In this report we study how a light-scalar leptoquark could affect the Higgs boson production cross-section at the LHC collider. We construct the most general renormalizable and gauge invariant effective Lagrangian involving the standard model particles and a scalar, isoscalar leptoquark, η. The total cross-section for pp → H + X is then calculated for different values of the unknown parameters λ η , m η and m H .(Here λ η is the coupling associated with the Higgs-leptoquark interaction.)
, LQ are m lq > 237 GeV for the first generation and m lq > 73 GeV for the second generation. In this article we shall consider a third generation leptoquark whose coupling to q-l pairs of the first two generations are very small. This assumption will enable us to consider leptoquarks in the 100-200 GeV mass range and still be consistent with the above bounds. However, we note that if some crucial assumptions that go into arriving at the Tevatron bounds, e.g., B(eq) = 1, can be relaxed, then second/first generation leptoquarks could still exist in 100 − 200 GeV range. For example mixing between different multiplets of LQ's could reduce the branching ratios considerably. Furthermore since the coupling g lq will not enter our computations our results will also be valid for just a color triplet scalar.
As shown later the most general effective Lagrangian involving the standard model particles and the LQ includes an interaction term between the LQ and the Higgs boson. In the presence of this interaction the coupling g lq could contribute to pp → H + X through a loop diagram made up of a lepton and a leptoquark with the Higgs boson attached to the leptoquark line. The incoming quark and antiquark states are to be attached at the lepton and leptoquark junctions. g lq could also contribute to pp → l + l − +H +X through a tree level diagram. However it is not hard to see that the coupling g lq of second or third generation LQ to quark-lepton pairs of first generation cannot play a significant role in Higgs boson production in our model at a pp collider. As an example, let us consider a third generation leptoquark. Then, first the coupling g lq of third generation LQ to q-l pairs of first generation is expected to be very small (g lq ≪ e). Second a smaller luminosity ofconfigurations at the LHC makes the contribution of g lq to the Higgs boson production at the LHC much smaller than those computed here.
At the LHC, the dominant production mechanism for the standard model Higgs boson is through gluon-fusion mechanism [6] (see Fig. 1 ). If light LQs exist, there will be additional diagrams with the leptoquark loops (see Fig. 2 ). In this brief report, we shall compute the effect of these additional diagrams on the the Higgs boson production via this mechanism. In order to be consistent with the HERA bounds on m lq we shall assume that g lq is much smaller than e so that m lq could lie in the range 100−200 GeV. We shall then show that a low energy effective interaction between the higgs doublet and a scalar leptoquark can significantly modify the Higgs boson production cross-section at the LHC provided the corresponding coupling λ η (the coupling associated with the Higgs-leptoquark interaction) is large enough,
i.e., of the same order as the yukawa coupling of the top quark, g t . The phenomenological advantage of using the coupling λ η is that unlike g lq it is not unduly constrained by low energy experiments. For simplicity let us consider a scalar, weak isoscalar,
The form of the effective interaction between the LQ and the higgs scalar will depend on the EW quantum numbers of η and therefore they do affect the cross-section for the Higgs boson production.
If m lq lies in the few hundred GeV range then the low energy effective Lagrangian suitable for describing physics in this energy range should involve η besides the usual SM particles.
We shall require the low energy lagrangian to be renormalizable and invariant under SU(3) c × SU(2) l × U(1) y . We then have
Here
and,
Here λ η is the dimensionless coupling associated with the Higgs-leptoquark interaction term. The LQ mass gets shifted from m 0η to m η after the electroweak symmetry breaking where m
. The Lagrangian L ql gives the coupling of the third generation LQ η to the q-l pair of the third generation. Its coupling to quark-lepton pairs of first two generations has been neglected. In the unitary gauge the interaction term between φ and η can be written as
Lagrangian includes all possible terms subject to the constraints of renormalizability and gauge invariance and the assumption that η is an isoscalar. If η were a weak isodoublet then we should add the term λ ′ η (φ + η)(η + φ) to the effective Lagrangian. In unitary gauge this term can be expressed as λ
where a is the color index and 2 stands for the Here we need to find the conditions to be satisfied by the parameters of V (φ, η) so that it exhibits the same properties. In order that V (φ, η) is bounded from below the quartic part of it must be positive. It can be shown that this can happen if λ > 0, λ ′ > 0 and λ η < 0 or > 0.
In the context of the standard model, the diagrams contributing to the Higgs boson production at the LHC via gluon fusion mechanism are displayed in Fig. 1 . These diagrams involve a top quark loop with two gluons and a Higgs boson attached to it at the interaction vertices. The contribution of the diagrams to the amplitude is given by M = M 1 + M 2 where
.
In the notations of Ref 5, we can write the total amplitude as,
In the above ǫ 1µ (q 1 , λ 1 ) and ǫ 2ν (q 2 , λ 2 ) are the polarization vectors of the incoming gluons. 
As earlier, in the notations of the Ref. 5 ,
Note that the amplitudes M To compute the amplitude, we have to calculate the loop integrals. The method of our calculation can be found in [8] . In brief, we have used Oldenborgh-Vermaseren techniques [9] to reduce the tensor integrals to scalar integrals. Here to complete the calculation we need only two scalar integrals. We have checked the cancellation of the ultraviolet divergences numerically as well as analytically. Afterwards, we evaluate the amplitude and its appropriate square numerically. We have convoluted the parton level cross-section with the set 3 ( leading-order fits) of the CTEQ4 gluon distribution functions [10] which have been evolved
H . Some results of our calculation are shown in Fig. 3 and Fig. 4 . In Fig. 3 we show how the total cross section (σ t ) and the standard model cross-section σ sm for the physical process p + p → H + X vary with m H for m η = 150 GeV and λ η = .7. From the graph we find that at m H = 150 GeV, σ t ≈ 10.5 pb whereas σ sm ≈ 6.25 pb which implies an enhancement of nearly 70% due to leptoquark contribution. In Fig. 4 The major sources of uncertainties in our calculations are values of gluon distributions [11] and the scale at which these are evaluated. These overall uncertainties are expected to be of the order of 20 − 30%. We estimate this by varying the Q and also using leading order MRST parton distributions [12] . However, this uncertainty would not drastically affect the relative results (i.e., between purely standard model results and the results with leptoquarks contributions). We have presented the leading order results. Higher order QCD corrections are known to modify the standard model results quite significantly. For example the next to leading order QCD corrections increase the cross section by around 30 % [13] over a large range of higgs mass. However, higher order QCD corrections will modify the additional leptoquarks contribution in a similar way. Therefore, we would not expect the higher order QCD corrections to significantly alter our main conclusions.
The interaction term between the Higgs boson and the LQ η given by eqn.(2) could modify the Higgs boson decay properties. If m H > 2m η then the Higgs boson will decay into a pair of LQ's of the second or third generation. This will modify the branching ratios of various Higgs boson decay modes. The consequences of this modifications will depend on the parameter λ η . Each LQ will decay into a q-l pair of the corresponding generation. One useful new signature of Higgs boson production and its consequent decay will be "2 jets+ 2 leptons" with peaks in the mass distributions of each q − l pair. In addition to this there will be other interesting signatures of the Higgs boson production.
In conclusion, we have shown that light leptoquarks of the third generation can significantly modify the cross-section for the Higgs boson production through the process pp → H + X provided its coupling to the Higgs boson is strong enough ( i.e., of the order of the yukawa coupling of the top quark). We have shown that for λ η = .7 and m η = 150
GeV the cross-section increases by as much as 70 % relative to its standard model value.
The coupling λ η is not constrained by available low energy as well as collider data. In fact the experimental conditions at the LHC will offer the first opportunity for probing such a coupling between light leptoquarks and the Higgs boson, if such particles exist. Our results will also apply to second or first generation leptoquarks if the branching ratios assumed in arriving at the Tevatron bounds are relaxed. More generally, our results will be applicable to color triplet scalar particles that interact with the Higgs boson in the manner prescribed in the text. 
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